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Description 



Background of the Invention 



The present invention relates to integrated circuits 
More particularly the invention relates to an integrated 
circuit having improved substrate capacitance isolation 
at input nodes of the integrated circuit. 

Integrated circuits, IC, are generally formed on an 
msulative substrate, such as silicon, gallium arsenide 
or the like. The bottom surface of the substrate has a 
metal layer deposited on it by vapor deposition. The op- 
posite surface has active and passive circuitry, such as 
transistors, diodes, resistors and capacitors, formed on 
rt using well known IC processing techniques. Alternat- 
ing layers of silicon dioxide and metal are depositedover 
the active circuitry and are etched to form bonding pads 
trace runs and interconnects. The IC, containing the 
electrical circuitry, is placed in a package device or upon 
a substrate having leads, legs, or runs extending there- 
from for electrically connecting the IC to external elec- 
trical circuitry. Electrical connections between bonding 
pads on the IC and the legs of the package device or 
the runs on the substrate are made via wire bonds 

Parasitic or substrate capacitance exists between 
the metal layers on the opposing surfaces of the sub- 
strate. Generally this capacitance is in the range of 15 
picofarads. When in the presence of A. C. grounds this 
capacitance has the effect of reducing the impedance 
of an mput amplifier on the IC. The bottom metal layer 
of IC's are connected to A C. ground, which is generally 
set at the lowest electrical potential applied to the de- 
vice. For example, if the IC has applied electrical poten- 
tials of ± 5 volts and ± 15 volts, the metal layer is con- 
nected to the - 15 volts. For a high impedance amplifier 
bein 9 used as an active probe or an input amplifier 
m a test instrument, such as an oscilloscope, logic an- 
alyzer, or the like, it is important to keep A. C. grounds 
away from the first input stage to reduce the input ca- 
pacitance as much as possible. This is especially true if 
the amplifier input is being driven by a voltage divider 
attenuator circuit. Besides the parasitic capacitance 
there is also distributed resistance in the substrate that 
is effectively in series with the substrate capacitance 
This series capacitive/resistive network is in parallel with 
the lower leg of the attenuator. The upper leg of the at- 
tenuator requires corresponding compensation to offset 
the parasitic capacitance and distributed series resist- 
ance developed in the IC. It is very difficult to compen- 
sate the upper leg for this distributed series resistance 
Once an electrical signal enters the amplifier and is be- 
hind the first stage, the impedance is much lower and 
the substrate capacitive/resistive network and A C 
grounds are less critical. ' 

USP 4,646,002 to Tuszyski describes a bootstrap- 
ping scheme for driving the bottom metal surface of the 
substrate with the output of the IC circuitry to reduce 
base-to-substrate capacitance. The device is character- 



ized as a high impedance buffer circuit for use in a hiqh 
impedance broad band probe. The circuit is formed on 
an the IC substrate having a metal layer on th bottom 
surface. The IC substrate is supported by a second sub- 
strate having its own metal layer. The metal layer of the 
IC substrate is driven by the output of the circuitry on 
the C device. The metal layer on the supporting sub- 
strate is connected to AC. ground. The intent of this de- 
sign is to reduce the base-to-substrate capacitance of 
thetransistorformedontheoriginalsubstrate. However 
there are drawbacks to this type of design. The geom- 
etry of the bottom metal layer covers the complete sur- 
face of the substrate requiring the buffer circuit to drive 
the total substrate capacitance of the IC. In addition the 
further the metallized layer is from the active devices the 
more difficult it is to design an amplifier for driving the 
substrate at high frequencies. Additionally, it would be 
difficult to control feedback to areas not needing capac- 
itive isolation. 

20 What is needed is an improved IC design for isolat- 
ing substrate capacitance in integrated circuit devices 
mat overcomes the short comings of previous designs 
The IC preferably can be used as a high impedance in- 
put to an ultra low capacitance test probe or an input 
zs stage to electrical test equipment 



SUMMARY OF THE INVENTION 

According to the present invention there is provided 
an mtegratedcircuit having improved substrate capaci- 
tance isolation, comprising: 



a substrate with a metal layer formed on one sur- 
face thereof and a high impedance unity gain am- 
plifier circuit with an input node formed on an oppo- 
site surface with the input node coupling an electri- 
cal signal to the high impedance unity gain amplifier 
circuit; and 

an electrically conductive layer being disposed be- 
tween and insulated from the input node and the 
metal layer on the substrate; 



as 



40 



characterised by said electrically conductive lay- 
er having a geometry substantially equal to the input 
node, the electrically conductive layerbeing underneath 
and insulated from the input node by an insulating layer 
the electrically conductive layerbeing coupledtoan out- 
put of the high impedance unity gain amplifier circuit 
Also according to the present invention there is pro- 
*> vided the method of isolating substrate capacitance in 
an integrated circuit having a substrate with a metal lay- 
er formed on one surface thereof that is at an A C 
ground potential and a high impedance unity gain am- 
plrfier circuit formed on an opposite surface, the steps 
55 comprising; 

applying an electrical signal to an input node of the 
high impedance unity gain amplifier circuit; and 
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coupling an eleclrical signal output from the high im- 
pedance unity gain amplifier circuit to an electrically 
conductive layer having a geometry substantially 
equal to the input node and being disposed be- 
tween the input node and the metal layer of the sub- s 
strate with the electrically conductive layer under- 
neath and insulated from the input node by an insu- 
lating layer. 

In a first embodiment of the invention, the input io 
node is a bond pad and trace run to the high impedance 
circuit and the electrically conductive layer is a metal 
layer. In an alternative embodiment, the electrically con- 
ductive layer is an emitter region of a semiconductor de- 
vice in the high impedance circuit. The highly doped is 
emitter region has sufficiently high doping to maintain a 
low ohmic or equipotential surface. The objects, advan- 
tages and novel features of the present invention are 
apparent from the following detailed description when 
read in conjunction with appended claims and attached so 
drawings. 



Brief Description of the Drawing 

Fig. 1 is a representative drawing showing the im- ss 
proved integrated circuit for isolating substrate capaci- 
tance according to the present invention. 

Detailed Description of the Preferred Embodiment 



30 



The improved integrated circuit. IC, 10 for isolating 
substrate capacitance is representatively shown in per- 
spective view of Fig. i. The integrated circuit 10 is 
formed from a silicon wafer, not shown, or similar type 
material and has a substrate 1 2 with top and bottom sur- ss 
faces 14and 16. The bottom surface 16 has a deposited 
metal layer 1 8 and the top surface 1 4 has electrical com- 
ponents formed thereon representatively shown by the 
operational amplifier symbols 20 and 22. The electrical 
components may contain both active and passive cir- ao 
cuiuy, such as transistors, diodes, resistors and capac- 
itors, and are formed using well known IC processinq 
techniques. Overlying the circuitry on the top surface is 
a first insulating layer of silicon dioxide 24, which is se- 
lectively etched to expose the underlying circuitry. Over- 45 
lying the first silicon dioxide layer 24 is a first metal layer 
26, a second silicon dioxide layer 28, and a second met- 
al layer 30. The metal layers 26 and 30 and the second 
silicon dioxide layer 28 are selectively etched to form 
bond pads 32, trace runs 34, and vias (not shown) for so 
interconnecting the various circuits on the substrate For 
the sake of clarity and understanding the invention Fig 
1 does not show a full three dimensional perspective 
view of all of the various layers, components and inter- 
connections on the integrated circuit. In addition the ss 
terms first and second silicon dioxide layer and first and 
second metal layers are well known in the integrated cir- 
cuit design and processing art and those having ordi- 



nary skill in these arts should have no difficulty in inter- 
preting Fig. 1 and implementing the invention. 

An input node to operational amplifier 20 is shown 
as bonding pad 32 and trace run 34 and an input node 
to operational amplifier 22 is shown as trace run 34 It 
is the practice in IC processing to form bonding pads 
using both the first and second layer metals 26 and 30 
by selectively removing the second layer silicon dioxide 
28 at the bonding pad 32 location. In the present inven- 
tion, the second layer silicon dioxide 28 is not etched 
away. This provides an insulated electrically conductive 
layer formed in the first layer metal 26 directly under- 
neath the second layer metaf 28. This is shown in the 
Fig. 1 as the electrically conductive layers 36 and 38 
lying directly underneath the bonding pad 32 and the 
trace runs 34. The electrically conductive layers 36 and 
38 have geometries substantially the same as the bond- 
ing pad 32 and trace runs 34 and are electrically insu- 
lated from the input nodes by the silicon dioxide insulat- 
ing layer 28. The electrically conductive layers 36 and 
38 are shown being driven by the outputs of the respec- 
tive operational amplifiers 20 and 22 via feedback lines 
40 and 42. Alternately, the input node to amplifier 20 
may be driven by the output of amplifier 22. Further, the 
output voltage of any amplifier on the IC may be fed back 
to drive an electrically conductive layer under an input 
node provided the amplifier output voltage amplitude is 
less than or equal to the amplitude of voltage on the in- 
put node. 

Parasitic capacitance and distributed series resist- 
ance 44 exists between the metal layer 1 8 on the bottom 
surface 16 of the IC 10 and the first and second metal 
layers 26 and 30 on the top surface 14. In the presence 
of A. C. grounds, which are generated by connectinq the 
metal layer 1 8 to (he lowest voltage potentia! -V applied •> 
to the IC. the series capacitive/resistive network lowers 
the input impedance of amplifier 20. Creating a second 
capacitance between the bonding pad 32 and trace runs 
34 and the electrically conductive layer 36 and drivinq 
this capacitance with the output of amplifier 20 isolates 
the series capacitive/resistive network 44 from the input 
of amplifier 20. This effectiveV increases the input im- 
pedance of the amplifier 20. 

Operational amplifier 20 is a high impedance unity 
gain voftage amplifier that is shown in Fig. i being driven 
by an external signal from a voltage divider attenuator 
network 46. The output voftage of amplifier 20 drives the 
electncalfy conductive layer 36 formed in the first layer 
metal 26. The voltage on the electrically conductive lay- 
er 36 changes as a function of the changes in the exter- 
nally applied voltage signal. The amount of charge on 
input node capacitor 48 is directly proportional to the 
voftage potential between the plates of the capacitor 
times the capacitance as shown by the equation: 

AQ=C X AV 
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The voltage potential difference V on the input node ca- 
pacitor 48 may be reduced to zero by driving the input 
node capacitanc with a voltage that is equal in magni- 
tude to the input signal voltage. This voltage is provided 
by ampler 20. Since amplifier 20 is providing the s 
charge Q to the capacitor 48, the charge Q supplied by 
he external input signal is zero which in effect reduces 
the input capacitance to zero as seen by the external 
signal source. Reducing the input capacitance has the 
effec of increasing the input impedance of the circuit w 

Using ihe first and second layer metals 26 and 30 
respectively for the electrically conductive layer 36 and 
the input node bonding pad 32 and trace run 34 produc- 
es a capacitance in the femtofarad range compared to 

fnaTn *" PiC ° farad ran9e betWee " ,he "end- » 
h 9 ^ i^^ 8 fUn 34 and tne bo,tom me tol '^r of 
the ic. Reducing the input node capacitance C without 

changing the magnitude of the input voltage reduces the 
charge Q on the capacitor 48. The charge Q on a ca- 
pacitor is also directly proportional to the current times 20 
«ne time as shown by the equation: 



sufficiently high doping to maintain a low ohmic or equi- 
potential surface. ^ 

An integrated circuit device having improved sub- 
strate capacitance isolation has been described where- 
in input nodes of the IC are isolated from the substrate 
capacitance by fonming a second capacitance at the in- 
put nodes and driving this capacitance with a voltage 
S ^ the input voltage. In one 

embodiment of the invents, the input node capaci- 
tence B formed in the first and second metal byers of 
IC. The input node is formed in the second metal 
layer and an electric^ conductive layer having a ge- 
ometry substantially the same as the input node is 
formed in the first metal layer. The electrically conduc- 
ive layer ,s driven by a high impedance unity gain am- 
P her. In an alternate embodiment, the electSy c£. 

we ,n ,he high impedance unify gain amplifier. These 
and other aspects of the present invention are set forth 
m the appended claims. 



AQ = IxAt 



Claims 



Since Q ,s reduced as a function of the capacitance C 
of the capacitor 48 and the magnitude of the input volt- 
age is constant, the time required to charge the input 
node capacitance is reduced. Since frequency is in- 
versely proportional to time, reducing the time it takes 
to charge and discharge the input node capacitance in- 
riZT frequencv at ,he amplifier can 

.aver - Formin 9 ^ electricalV conductive 

layer 36 ,n the first metal layer 26 having a geometry 
substentialiy equal to the bonding pad 32 and trace run 

i^n^r 9 ,h ,«' ayer 36 Wi,h ,he ***** vol,a 9 e <* the 
nput node amplifier, overcomes the disadvantages of 

the prior art. The charge Q into the input node capacitor 
48 is reduced as compared to driving the total substrate 
capactance 44 of the IC which makes it easier to design 
ar .amplifier for driving the input node capacitance at 
h gh frequencies. In addition, since the bottom metal lay- 
er 18 is not being driven as in the prior art, the problem 
of controlling feedback to areas not needing capacitive 
isolation is overcome. kowww 
The electrically conductive layer 36 disposed be- 
tween the input node and the bottom metal layer 18 of 
he substrate 12 does not need to be a super tow resis- 
tive layer. The layer 36 may be a higher resistive layer 
an long as Ihe resistance is low enough for the charges 
to flow into and out of the capacitor. MOS and high per- 
formance bi-polar IC processes use polysilicon for re- 
^ conduc,ors Including the emitter and base 
regions of the semiconductor devices on the IC. In a fur- 
tabodiment of the present invention, the electrical- 
conductive layer 36 may be an emitter region of a 
semiconductor device in the high impedance unity gain 
amplifier circuit. The highly doped emitter region has 
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so 
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4. 



1. An integrated circuit (1 0) having improved substrate 
capacitance isolation, comprising: 

a substrate (12) with a metal layer (18) formed 
on one surface thereof and a high impedance 
unity gain amplifier circuit (20) with an input 

TJ 32 ' 34 * ' 0rmed 00 an ^rface 
with the input node (32,34) coupling an electri- 
cal signal to the high impedance unity gain am- 
plifier circuit (20), and 

an electrically conductive lay er (36) being dis- 
posed between and insulated from the input 
node (32,34) and the metal layer (18) on the 
substrate (12) leonine 

characterised by said electrically conductive 
ayer (36) having a geometry substantially equal to 
he input node (32,34), the electrically conductive 
layer (36) being underneath and insulated from the 
input node (32,34) by an insulating layer (28) the 
electrically conductive layer (36) being coupled to 

The integrated circuit as recited in claim 1, wherein 
the input node (32.34) comprises a bond pad (32) 
and a trace run (34). ' 

mvlT^T CirCUil 33 fecited in c,aim "^rein 
the electrically conductive layer (36) is a metal layer. 

The integrated circuit as recited in claim 1, wherein 
tfie electrically conductive layer (36) is a polysilicon 
layer. 
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5. The integrated circuit as recited in claim 1, wherein 
the electrically conductive layer (36) is a highly 
doped regbn of a polysilicon layer. 

6. The integrated circuit as recited in claim 5, wherein s 
the highly doped region is an emitter region of a 
semiconductor device of the high impedance unity 
gain amplifier circuit (26). 

7. A method of isolating substrate capacitance in an w 
integrated circuit (10) having a substrate (12) with 
a metal layer (18) formed on one surface thereof 
that is at an A.C. ground potential and a high im- 
pedance unity gain amplifier circuit (20) formed on 
an opposite surface, the steps comprising: is 

applying an electrical signal to an input node 
(32,34) of the high impedance unity gain ampli- 
fier circuit (20); and 

coupling an electrical signal output from the so 6 
high impedance unity gain amplifier circuit (20) 
to an electrically conductive layer (36) having a 
geometry substantially equal to the input node 
(32,34) and being disposed between the input 
node (32,34) and the metal layer (18) of the 25 7 
substrate (12) with the electrically conductive 
layer (36) underneath and insulated from the 
input node by an insulating layer (28). 
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p^'2 pedan2mi,dem Verstarkungsfaktor 1 gekop- 

2. Integrierte Schaltung nach Anspruch 1 . bei der der 
Eingangsknoten (32, 34) ein Bondkontaktkissen 
(32) und eme Leiterbahn (34) umfasst. 

3 " l"it + 9rie ? 1 Scha,tUn 9 nacn Anspruch 1 , bei der die 
elektnsch lertende Schicht (36) eine Metallschicht 

Iwl. 

4. Integrierte Schaltung nach Anspruch 1 , be, der die 
elektnsch leitende Schicht (36) eine Polysilizium- 
schicht ist. 

5- Integrierte Schaltung nach Anspruch 1 . bei der die 
elektnsch leitende Schicht (36) ein hoch^Jotierter 
Bereich einer Polysiliziumschicht ist. 



Paten tanspruche 

1. Integrierte Schaltung (10) mit verbesserter Isolie- 
rung der Substratkapazitat. mit: 

- einem Substrat (12) mit einer Metallschicht 
(18), die auf einer seiner Flachen ausgebildet 
ist und mit einer Verstarkerschaltung (20) hoher 
Impedanz mit dem Verstarkungsfaktor 1 mit ei- 
nem Eingangsknoten (32, 34), der an der ent- 
gegengesetzten Flache ausgebildet ist, wobei 
der Eingangsknoten (32, 34) ein elektrisches 
Signal in diese Verstarkerschaltungen (20) ho- 
her Impedanz mit dem Verstarkungsfaktor 1 
einkoppelt; und 

- einer elektrisch leitenden Schicht (36), die zwi- 
schen dem Eingangsknoten (32, 34) und der 
Metallschicht (18) auf dem Substrat (12) ange- 
ordnet und dagegen isoliert ist; 

dadurch gekennzeichnet, dassdie elektrisch lei- 
tende Schicht (36) eine Geometrie aufweist, die im 
wesentlichen der des Eingangsknotens (32 34) 
entspricht, wobei die elektrisch leitende Schicht 
(36) unter dem Eingangsknoten (32, 34) liegt und ss 
gegen diesen durch eine Isolierschicht (28) isoliert 
ist, und wobei diese elektrisch leitende Schicht (36) 
mit dem Ausgang der Verstarkerschaltung (20) ho- 



Integrierte Schaltung nach Anspruch 5, bei der der 
^h-dotierte Bereich ein Emitterbereich eines 
Halblerterbauteils der Verstarkerschaltung (20) mit 
hoher Impedanz mit dem Verstarkungsfaktor 1 ist. 

Verfahren zum Isolieren der Substratkapazitat in ei- 
ner . n ,eg r ,e ne n Schaltung (10) mit einem Substrat 
12) mit einer auf einer ihrer Flachen ausgebildeten 
Metallschicht (18), die sich auf einem Wechse" 
so 5f™™9s-Massepotential befindet, und mit einer 
Verstarkerschaltung (20) hoher Impedanz mit dem 
Verstarkungsfaktor 1, die auf der entgegengesetz- 
ten Flache ausgebildet ist, mit den folgenden Schrit- 

35 - Anlegen eines eiektrischen Signals an einen 
Eingangsknoten (32, 34) der Verstarkerschal- 
ung (20) mit hoher Impedanz mit dem Verstar- 
kungsfaktor 1; und 

40 ' f'" k ° PP t e !? V °" der Ver starkerschaltung 
(20) mit hoher Impedanz mit dem Verstar- 
kungsfaktor 1 ausgegebenen eiektrischen Si- 
gnals in eine elektrisch leitende Schicht (36) mit 
einer Geometrie, die im wesentlichen der des 
Eingangsknotens (32, 34) entspricht und zwi- 
schendiesem Eingangsknoten (32, 34) und der 
Metallschicht (18) des Substrate (12) angeord- 
net 1st. wobei die elektrisch leitende Schicht 
(36) unter der Eingangsknoten liegt und gegen 
diesen durch eine Isolierschicht (28) isoliert ist 
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Revendfcatlons 

1- Circuit integre (10) ayant une isolation capadive 
amelioree du substrat comprenant: 

un substrat (12) avec une couche metallique 
(18) formee sur une surface de celui-ci, et un 
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circuit amplificateur de gain unitaire a haute im- 
pedance (20), avec un noeud d'entree (32 34) 
form6 sur une surface opposee, le noeud d'en- 
tree (32, 34) couplant un signal electrique au 
circurt amplificateur de gain unitaire a haute im- 
pedance (20) ; et 

une couche electriquement conductrice (36) 
disposee entre le noeud d'entree (32 34) et la 
couche metallique (18) du substrat (12), et iso- 
lee de ceux-ci; 



caracterise par le fait que ladite couche elec- 
triquement conductrice (36) a une geometrie sensi- 
blement egale a cede du noeud d'entree (32 241 
a couche electriquement conductrice (36) etant si- 
tuee au-dessous, et isolee du noeud d'entree (32 
34) par une couche feolante (28) la couche elect* 
quement conductrice (36) etant couplee a une sor- 
tie du circuit amplificateur de gain unitaire a haute 
impedance (20). 
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is 



so 



3. 



4. 



5. 



Circuit integre selon la revendication 1 , dans lequel 
le noeud d'entree (32. 24) comprend un ploTde 
liaison (32) et une piste (34). 

Circuit integre selon la revendication 1. dans lequel 
la couche electriquement conductrice (36) est une 
couche m6tallique. 

Circuit integre selon la revendication 1. dans lequel 
la couche electriquement conductrice (36) est une 
couche de polysilicium. 

Circuit integre selon la revendication 1, dans lequel 
a couche electriquement conductrice (36) est une 

region tenement dopee d'une couche de polys!,? 
cium. pwjww 



ss 
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6. 



7. 



C.rcurt integre selon la revendication 5, dans lequel 

ZTn° rt rIT nt *** 681 Une ^metteur 40 
d un d,spos rtl f a semi-conducteur du circuit amplifi- 
cateur de gam unitaire a haute impedance (20) 

Precede isolation capacitive du substrat dans un 
crcuit .ntegre (10) ayant un substrat (12) avec une 4S 
couc he meta.lique (18) formee sur une surface 
celuKc., qu, est a un potentiel de masse en CA et 
un crcuit amplificateur de gain unitaire a haute im- 
pedance (20) forme sur une surface opposee les 
etapes comprenant: 



so 



rapplication d'un signal electrique a un noeud 
d entree (32, 34) du circuit amplificateur de gain 
unitaire a haute impedance (20)- et 
Je couplage d'un signal electrique delivre en 
sortie depuis le circuit amplificateur de gain uni- 
taire a haute impedance (20), a une couche 
electnquement conductrice (36) ayant une geo- 
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metne sensiblement egale a celle du noeud 
dentree (32, 34), et disposee entre le noeud 
d'entree (32. 34) et la couche metallique (18) 
du substrat (1 2), la couche electriquement con- 
ductrice (36) etant situee au<lessous, et isolee 
du noeud d'entree par une couche isolante 
Kb). 
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